This paper presents an innovative approach where a dynamic time specification derived from a gravity model is used for the first time to analyse the transport of goods by road. This dynamic approach, which has recently been implemented in international goods trade models instead of the traditional static specification, is applied to the case of Spain using panel data comprising the 15 NUTS-3 regions of the Peninsula between 1999 and 2009. Relying on the System General Methods of Moments methodology, we have found significant evidence that the flow of goods by road has a strong persistence effect. We have also found that the quality of road transport infrastructure has a significant impact on the flows of goods. The estimated equation is used to make predictions of traffic flows among regions and to calculate total emissions associated with these trades. According to our findings, we suggest to keep subsidizing the replacement of old vehicles by more energy-efficient ones.
Introduction
Freight transport plays a key role in economic activity and enables the exchange of goods between economic agents while boosting regional development. However, the social impact in terms of negative external effects on both security and the environment is not negligible. In recent decades, population growth and greater economic activity have caused a steady increase in goods traffic worldwide.
However, as statistics indicate, these new transport operations are not carried out uniformly by the different modes of transport. In the case of Europe, road transport is the most frequently used medium for the movement of goods. For example, in 2009, 79% of the volume of goods deployed within the borders of the EU-15 was transported by road compared to 14% by rail, with inland waterways accounting for the remaining 7%. In Spain, the pattern is very similar: according to the National Statistics Institute, road transport accounts for 77 of every 100 tons transported. The prevalence of road transport was consolidated over the period [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] , when its use increased by 107% with a growth rate of 11%. To put this into context it should be noted that 80% of the products manufactured in Spain are destined for domestic trade (Llano et al., 2010) .
This enormous volume of road traffic is distributed differently across the transport network of the origin and destination regions. This research aims to estimate elasticities associated with the variables that determine the different patterns of flows between regions using a gravity model. Additionally, once we have estimated the parameters of the model, we make predictions of national transport operations and compute the carbon emissions levels associated with these transport movements.
Despite the apparent simplicity of the gravity model from a theoretical point of view, in empirical applications the model is usually misspecified because unobserved heterogeneity is not controlled for and the dynamic nature of road transport flows are ignored (Egger and Pfaffermayr, 2003) . In order to control for bias due to the unobserved heterogeneity of the regions, panel models are used since they are able to capture the individual effects of the territories under study. In recent years, panel models have replaced cross-section settings in the empirical trade and transport demand studies. However, the dynamic role of the internal transport of goods is usually completely ignored. Once established, trade relations between regions can last for long periods of time (Eichengreen and Irwin, 1998 ). Thus, current trade flows are likely to be dependent on past trade flows, with that the underlying freight movements also depend on variations in traffic flows in previous periods.
Different methodologies have been used to analyze the factors that govern the flow of goods among regions. An early classification of the models used to analyze the traffic of goods between cities (Harker, 1985) distinguished among econometric models, spatial equilibrium models, pricing models, and freight network equilibrium models. In this study, the analysis of freight flows is carried out by applying an econometric model. This methodology is based on using econometric techniques to obtain structural relations between system variables. These ignore formal aspects of the transport network such as, for example, specific nodes, and the spatial dimension of the process is included only by the distance between the regions of origin and destination (Harker, 1987) .
These models, also known as microeconomic models, can be classified into aggregated and disaggregated models according to the level of data aggregation (Winston, 1983) . The basic unit of observation in the aggregated data model is the total share or the total volume corresponding to a mode of transport for a given geographic level. From a theoretical point of view they are often the solution to a cost-minimization problem, though in empirical applications this is not explicitly recognized. In disaggregated models, the basic unit of observation is the decision-makers choice for a specific mode of freight. These models are more focused on behavioral aspects of decisionmaking and have a firmer theoretical grounding, but have the disadvantage that they require extensive data.
Broadly speaking, the data used to calibrate a model will depend on the purpose of the study and the availability of the data, as recognized by Oum (1989) . Thus, if the main purpose of the analysis is to predict aggregate traffic, the use of aggregate data would be preferable because otherwise an aggregation method would need to be applied. If the main goal of the paper is simulate how decisionmakers respond to changes in regulation, on the other hand, disaggregated data would be more appropriate. In terms of cost, disaggregated models require an extensive database and these are usually difficult to obtain because of the confidentiality of private information.
Thus, the empirical approach depends on the objectives of the study and the availability of suitable data. This paper uses an aggregate database composed of a balanced panel of the 15 Spanish peninsular regions for the period 1999-2009. Our study has several aims. First, we try to determine whether the correct specification of the gravity model applied to road transport should include a dynamic component. In addition, we attempt to measure the importance of infrastructure quality and also to compute the evolution and prediction of CO2 emissions caused by road transportation. Moreover, thus is the first study, as far as we are aware, to use a time-varying variable for the distance between regions as a proxy for transportation costs.
The paper is organized as follows. Section 2 summarizes the methodology of the gravity equation applied to road freight flows modeling and its empirical specification. Section 3 describes the database used. Section 4 details the estimation process and the results are presented. Section 5 presents the application of the estimated models to the computation of carbon emissions. Finally, Section 6 contains the main conclusions of our study and possible future lines of research.
Freight flow models based on gravity
Gravity models have been widely used in the literature of international trade 2 .In line with Newtons law of universal gravitation, they are based on the idea that bilateral trade flows are directly related to the size of regions and inversely to the distance that separates them. In general, the variables included in the models to represent the size of the regions are the GDP or population, while among the friction factors, distance is often used as a proxy for transport costs. The augmented gravity model specification can include other variables to test whether they have a significant effect on trade flows. In the international trade literature, dummy variables usually appear to capture the effect of shared language, adjacency or belonging to a monetary union. In our case, we include a proxy for the quality of road infrastructure. By including this variable we try to capture the effect of the heavy investments made by the European Union in Spain through the Structural Funds 3 . Although the theoretical support for the gravity model was originally very poor, since the second half of the 1970s, several theoretical developments have filled this gap. Anderson (1979) made the first formal attempt to derive the gravity equation from a model that assumed product differentiation. Bergstrand (1985 Bergstrand ( , 1989 ) also explored the theoretical determination of bilateral trade in a series of papers, in which gravity equations were associated with simple monopolistic competition models In a recent study Anderson and Wincoop (2003) applied gravity model to bilateral trade including transport costs and other specific trade factors as explanatory variables. Fidrmuc (2009) appoints other popular applications such as the study of the effects of the currency unions on international trade Rose (2000) , intra-firm trade (see Egger and Pfaffermayr (2005) ) and Foreign Direct Investment analysis (Egger and Pfaffermayr, 2004) . Gravity models have also been widely applied in the trip distribution step of complex national and international freight transport models ((?).
Initially, the gravity model was developed for cross-sectional analysis of countries at a particular time. However, to avoid a poor specification of the models, the relative heterogeneity of patterns of trade flows across countries has to be considered (Glick and Rose, 2002) .The panel approach has several advantages over cross-sectional analysis: apart from increasing the degrees of freedom, it also captures the relationships between variables over a long period of time and identifies the role of the business cycle on these relationships. On the other hand, the use of panel data allows taking into account the time-invariant specific effects of the different regions. The cross-section setting is likely to suffer from omitted variable bias as is does not include the unobserved effects of regions and ignores the temporal effects of trade (Harris and Mátyás) . The comparisons of panel estimators Egger and Pfaffermayr (2003) show, however, that instead of using one dummy variable per country, individual country pair dummies (fixed effects) should be included to get efficient estimators. While these authors recommend panel data models, another caveat may be related to the possible non-stationarity of analyzed data (Fidrmuc, 2009) .
Furthermore, studies using the gravity model with panel data typically ignore the possibility that trade has a dynamic dimension. The importance of past trade values has been stressed already by Eichengreen and Irwin (1998) According to these authors sunk costs incurred by the companies to open distribution channels and service networks in new markets can generate inertia in bilateral trade. Bun and Klaassen (2007) , in a study that examines the impact of the European Monetary Union on trade, add that consumers in a country get used to products of another nation, creating a long-term relationship. On the other hand, De Benedictis and Vicarelli (2005) The literature on road freight flows modeling makes no reference to dynamics. However, in this study we empirically test for the existence of such effects. These could take the form of a partial adjustment process in which the current level of (observed) transport flows would be adjusted as a proportion of the difference between the desired level in a period and the levels achieved in recent periods. Thus, a coefficient of persistence in the flows variable is considered and identified in the estimation by including the lagged dependent variable as an additional regressor. According to the results, it appears that a second-order setting for a dynamic model is appropriate in line with the work of Bun and Klaassen (2007) 5 .
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where Y ijt represents the flows of goods transported from the region of origin i to the region of destination j, measured by thousands of tons transported (flow variable) and transport operations. In the case of intraregional trade flows, i will be equal to j.
Y ijt−1 and Y ijt−2 represent the flow of goods transported from the region of origin i to the region of destination j lagged one and two time periods respectively. As with the dependent variable, these are measured alternatively by thousands of tons carried and transport operations.
Dist ijt is the distance between origin and destination. It is calculated by averaging the real distances traveled by all vehicles transporting goods from an origin i to a destination j.
GDP it is the real GDP of Autonomous Communities of origin i in the year t.
GDP jt is the real GDP of Autonomous Communities of destination j in the year t.
KHCN pc ijt are the kilometers per capita of high capacity network of the regions where the traffic of goods runs.
Border is a dummy variable with value 1 in the case of adjacent Autonomous Communities and 0 otherwise.
Intra is a dummy variable with value 1 when the Autonomous Communities of origin and destination are the same, and 0 otherwise.
u ijt It will pick up the individual effects defined as pairs of regions by origin and destination, µ t stands for the unobservable time effect and ν ijt is the random disturbance term.
The econometric representation of the gravity model is equation (1) in log-linear functional form and is used as highlighted in Oum (1989) . This specification presents a number of advantages. The estimated coefficients are directly interpreted as elasticities. In addition, the log-linear function is able to model non-linear.
The β 1 coefficient indicates the degree of response of current flows to the flows of the previous year, whereas β 2 is associated with the flows of two years before. If the domestic trade of a country experiences inertia over time, the expected sign of these coefficients will be positive. On the other hand, the expected sign of the estimated β 3 coefficients in each model will be negative because, in accordance with theory, the distance variable acts as an impediment to the flow of goods. Finally, the remaining coefficients are expected to have positive signs: the amount of goods carried within the region itself should be higher, ceteris paribus, than flows to other regions; flows between adjacent regions are also expected to be greater than between distant communities; the GDP variable includes the size of communities in economic terms, so larger flows are expected among Autonomous Communities with greater economic activity; the number of kilometers of high capacity network per capita, which is a measure of density of high capacity roads, and can be understood in turn as a proxy of the road quality of the Autonomous Communities, is expected to have a positive influence on the flows among communities. This variable is constructed from the addition of the kilometers of high-capacity network corresponding to the region of origin, of destination and the regions with the shortest route between the capitals of the regions of origin and destination. This sum was then weighted by the total population of the regions involved in order to obtain a measure of density.
Database
The database used represents a balanced panel for the 15 peninsular Autonomous Communities 6 between 1999 and 2009. This study does not include the Balearic Islands, the Canary Islands and the Autonomous Cities of Ceuta and Melilla due to their geographical locations. Hence, we have a balanced panel with dimension N = 225 (all possible bilateral combinations of Autonomous Communities) and T= 11. Thus, the total number of observations is NT =2,475.
The flows of road transport of goods -the dependent variable -is measured by two alternative variables available in the Permanent Survey of Road Transport of Goods (PSRTG), issued by the Spanish Ministry of Development: these variables are flows and transport operations. Their main objective is to measure the level of activity in road freight transport. The PSRTG is aimed at Spanish transport companies and does not include international shipments entering Spain. Since 1999, this survey uses a homogeneous methodology in accordance to the European Union Regulation 1172/98. Since that date, the survey has been regularly updated on a yearly basis. These are the basis for the sample period of the current study. As may be observed in Table 1 , the rest of the explanatory variables are provided by different statistical sources.
Usually, this kind of model considers distance as an indicator of the kilometers between the capital cities of the regions or between their centroids. However, this has the clear disadvantage that it is necessary to select the points of origin and destination of the regions in a discretionary way. Since the Permanent Survey of Road Transport of Goods also includes the ton-kilometer variable, it is possible to retrieve the mean travel distance of the goods by dividing the total ton-kilometers by the transported tons for each origin-destination pair. The distance variable measured in this way reports information on the routes chosen by the transport companies. The resulting variability, in contrast to the fixed character of the previously mentioned approach, will capture the cost-minimizing behavior of the companies. We firmly believe that measuring distance in this fashion is a better approximation to the cost of freight and provides a more accurate estimation of the intraregional flows included in the model. Table 2 shows the descriptive statistics of the quantitative variables used in the estimated models. The dependent variables (transport flows and operations) contain few values equal to 0 throughout the whole sample (13 and 8 respectively). In order to avoid problems when taking logarithms in these variables, 0 values have been replaced by the value 1 since this is the minimum non-zero value among those taken by the independent variable. This is usually the most suitable statistical manner to deal with this sort of problems, aside from adding the provincial data with the aim of getting positive values per Autonomous Community ( (Bergkvist and Westin, 1998) 7 
Estimation and results
The inclusion of the dynamic component of trade through the lagged dependent variable leads to endogeneity problems that complicate the estimation of panel models (Baltagi, 2008) . As an example, we consider a basic dynamic panel model to illustrate these issues:
where y it is the dependent variable, x it is a vector of current and past values of independent variables, α i represents an unobservable time-invariant specific effect and it ∼ IID(0, σ 2 ) is a serially uncorrelated error term 8 The econometric problem arises from the correlation between y it and α i . One possible solution is to apply a within transformation of the fixed effects estimator to eliminate the individual effect i. However, the correlation between the errors and the transformed regressors still exists, yielding an inconsistent estimator unless there is a long time period available (Nickell, 1981) . This has been explored in a research paper on trade among European Monetary Union countries by Bun and Klaassen (2007) . The database has a time horizon of 36 years, and the authors find that the Least Squares Dummy Variable (LSDV) estimator performs better than the GMM method in this case.
In order to overcome these difficulties, Anderson and Hsiao (1981) propose the two-stage least squares estimator (2SLS). In the first stage, differences are taken to eliminate the origin-destination fixed effect, α i . However, by taking differences, ∆y it and ∆ it−1 are now correlated. This problem can be overcome by using the second lag of the dependent variable, y it−2 given the assumption that there is no serial autocorrelation. This instrument fulfills the requirements that it be correlated with ∆y it−1 and not correlated ∆ it−1 Nevertheless, this estimator is inconsistent when the number of periods T is finite and the number of cross-section observations, N, is large (Baltagi, 2008) . This is usually a common feature in gravity models estimated with panel data, so it tends to be a common problem.
As an alternative approach, GMM estimators can deal with the endogeneity of the explanatory variables. Arellano (1989) states that efficiency can be increased by GMM difference estimation using all available instruments yit-k with k¿ 1. The GMM method is based on the idea that given a set of instrumental variables correlated with the regressors but orthogonal to the errors, some moment conditions can be defined and solved using the true value of the estimated parameters. Fixed effects are eliminated by taking first differences and endogenous variables in levels lagged two or more periods are used as instruments to solve simultaneity issues (Arellano and Bond, 1991) . However, the use of data in differences also involves removing all time-invariant variables which may be of interest.
The GMM model is one of the methodologies most used to estimate dynamic gravity models (Jung, 2009) . However, as argued in Blundell and Bond (1998) , when the data are highly persistent -as in the case of bilateral trade flows -this procedure can be improved through the estimation by System GMM (De Benedictis and Vicarelli, 2005) . It has been shown that when the lagged values of the series approach a unit root, these instruments contain little information about the endogenous variables in differences. When applying the system-GMM equations in first levels, instead of transforming the regressors to eliminate the fixed effects, differences are taken of the instruments to make them orthogonal to the individual effects. Lagged first differences are used for equations in levels while lagged instrumental variables are used for equations in first differences (Roodman, 2011) . The consistency of this estimator depends on no first-order autocorrelation in the errors and an array of truly exogenous instruments. System GMM is the chosen methodology. In Table 3 , results and estimation tests are displayed.
The estimated coefficients have the expected signs according to the theory of the gravity model. In addition, the coefficients of the principal variables of the model (GDP and distance) are significant at the 1% level. The positive and significant coefficients associated with the proxy of the quality of infrastructure, KGCIpc, indicates that the availability of high capacity roads directly affects the transport of goods. Of particular note is that the lagged transport variables positively affect the present flows and transport operations, as indicated by the estimated coefficients of y it−1 and y it−2 . The size of these coefficients -around 0.30 in the case of the flows and 0.15 for transport operations -indicate that inertia is not very important in domestic road transport in Spain is not very large. However, the statistical significance of the estimated coefficients indicates that not taking the dynamic component into account would cause a model misspecification. In this case, the Hansen test for detecting over-identification does not reject the null hypothesis of the validity of the instruments. Autoregressive tests for AR (1) and AR (2) show the consistency of the GMM estimator and the inconsistency of estimators based on OLS 9 . Including lagged variables in the equation yields short term estimated elasticities. To recover the long-run elasticities it is necessary to divide each of the estimated values by (1-β 0 -β 1 ). The result of this transformation is shown in Table 4 .
Among the results, we highlight the magnitude of the long-run elasticities associated with the distance variable. In accordance with the modelwhere it acts as a proxy for transport costs -and noting also the elasticities associated with high-capacity network, we emphasize the importance of quality infrastructure in order to stimulate the road transport of goods. The coefficients that accompany the GDP variables are inelastic but close to unity.
Application of the Model: Forecast and Estimation of CO2 Emissions
The calculation of greenhouse gas emissions is one of the most interesting applications of the estimated models. In this section, we present calculations and predictions of CO2 emissions resulting from domestic road transport of goods in Spain for the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . The calculation procedure relies on the exploitation of the data provided by the Permanent Survey on Road Transport of Goods and the high explanatory capacity of the estimated models. The analysis does not include other greenhouse gases because CO2 emissions are proportional to fuel consumption whereas the contamination by other gases such as CH4 and N2O depends largely on the emissions control systems (States., 2006) of vehicles and such information is not available.
The different modes of transport in Spain dedicated to both passenger and goods transport consume 32.5% of total energy demand. Road transport accounts for just over 70% of the total gases emitted to the atmosphere. To our knowledge, no studies as yet have computed disaggregated data for internal traffic of goods and we strongly believe it is important to know this information for policy decision-making. The following equation has been used to obtain the total amount of CO2 emissions in the year t:
where D t are the liters of diesel per kilometer. Q are the kilograms of CO2 emitted to the atmosphere per liter of diesel. Dist ijt are the kilometers separating the region of origin i from the region of destination j for each year t.
O ijt are the transport operations between the region of origin i and the region of destination j for each year t.
In order to calculate the fuel consumption (in liters), we relied on the information provided by the Transport Costs Observatory, derived from the Permanent Survey of Road Transport of Goods. According to this report, the average consumption of an articulated freight vehicle in 2001 amounted to 0.385 liters per kilometer. Due to the long timeline of this study, the technological improvements applied to the vehicles have to be taken into account. The mean gain of energy efficiency of new vehicles in the last 40 years accounts for 0.8-1% per year (McKinnon, 2008) . In addition, the Permanent Survey provides the average age of the fleet of heavy vehicles for each year. On the basis of these data, a fuel consumption efficiency index was generated for heavy vehicles in Spain. Years Figure 1 shows the evolution of the average age of heavy goods vehicles in Spain. The average age of vehicles declined to 5 years in 2006. After that, due to a slower pace in the renovation of older vehicles the average age began to rise back to 2001 levels.
Regarding the amount of CO2 kilograms emitted to the atmosphere per liter of diesel, it accounted for 2.71 CO2 Kg. / liter; this figure is included in the inventory of Greenhouse gas emissions in Spain (Spain, 2009) .
The total amount of CO2 gas emissions obtained using this methodology is illustrated in Figure 2 . Calculations are performed ex-post from 2001 to 2009 using the observed values of the transport operations coming from the survey and predictions are computed using the forecasted values of transport operations from the model estimated in Section 4.
The increasing trend in total CO2 emissions from domestic freight traffic by road reaches its peak in 2007 with nearly 20 million tons emitted into the atmosphere. From that moment there was a reduction in the amount of CO2 due to the fall in the number of transport operations in recent years because of the economic slowdown. However, in 2009 and 2010 there seems 
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to be a slight upward trend in emissions, partially caused by the lower rate of renewal of the fleet.
Conclusions
In this paper a dynamic panel model has been estimated to explain the flow of goods by road among the different Spanish autonomous regions and within each of them. Transport flows are measured by both the tons carried and the number of transport operations. The study period chosen is from 1999 to 2010 due to the availability of different explanatory variables.
The results obtained in the model estimated by system-GMM, show that the theory of the gravity model is verified and that there is inertia in the internal traffic of goods in Spain. While it is true that the values that accompany the lagged variables are not large in magnitude, it seems that this is the most appropriate specification for this model. The persistence of freight can be justified by the sunk costs incurred by the companies to settle in different regions.
Other empirical results to note are the statistical significance of two variables which are measured in a way that have not been used so far. On the one hand, the distance variable is not a fixed measure between two points in the regions and is instead constructed by dividing the variable ton-kilometers by the total tons transported. Thus, the distance between two regions varies from year to year and the variable captures the route choice decisions made by transport operators. On the other hand, as this study attempts to estimate structural relationships that direct the flow of goods transport, the model includes a measure of the quality of infrastructure. Therefore, a variable that reflects the density of high-capacity road network in the route of the goods is introduced. According to our specification, the quality of infrastructure measured in this fashion has a positive and significant effect on the flows of goods by road transport.
The appropriateness of the model specification and goodness of fit to the data analyzed allows worthwhile predictions to be made. Specifically, we calculate and predict the tons of CO2 emitted in that period by domestic transport of goods by road in Spain. In the case of polluting emissions, there is a reduction of the gases after 2007 provoked by the economic slowdown. However, predictions of CO2 emitted into the atmosphere show a slight upward trend in 2009 and 2010, partly explained by a lower rate of renewal of older vehicles (which are the most polluting ones). Among the policy actions that might be taken we suggest an intensification of policy incentives to replace older vehicles by new ones that are more energy-efficient and allow for a stronger control of GHG emissions.
Some of the main future research lines that could be followed are the use of the estimated demand for other modes of transport and the construction of a system of equations to study the interaction between different modes and estimate cross-elasticities between them. We also expect to be able to obtain a measure of the price of transport for each route, in which case we would be able to run simulations with different fiscal policy actions, such as taxes that internalize the environmental cost of transport, to measure the impact on road freight transport. 
